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Introduction

A method is being developed of categorizing the location @ratacteristics of upper tropospheric jets and the lowdrgiahe stratospheric polar night jet that can extend ihelbwermost stratosphere. We are using this method to diimeosition, width and dynamical characteristics (e.§.,
windspeed/direction, potential vorticity, temperatwsitic stability, etc) of the multiple jets in the upper togphere (UT). A similar characterization is being done @f lttwer part of the stratospheric polar night jet. In adaifithe tropopause Is characterized using both WMO (temipera

gradient) and dynamical definitions based on several patemrticity (PV) values; locations with multiple tropopses are identified and the position of the tropopauses esect to the jets is determined. We show examples of thésdataons using Goddard Earth Observing System Dgtg
Version 5.1.0 (GEOS-5) analyses, and how the jet and trammpstructure relates to Aura Microwave Limb Sounder (ML&pBurements.

1 Tropopause Calculations and Sensitivity Tests

2 Characterization of Upper Tropospheric and Stratospherc Jets
[ WMO and “dynamical” tropopauses are calculated from the GEEanalyses

on the original model levels after interpolation to thetladies and longitudes A e e L — [1 When the vortex is shifted entirely off the pole, there is asterly | 1 The 15 Nov 2006 example shows cases (both decaying SH jetfar|d
of the MLS and ACE-FTS data na /b i, j;"' =R jet poleward of the westerly one, representing the oppesite of| developing NH jet) where the bottom of the PNJ merges with thg
1 Dynamical tropopauses are at 2.0, 3.5 and 4.5 PVU, joined®@I3in the s \ ~ b O w o the polar vortex, which is characterized in the same marmgr,( top of one UTJ
tropics where the PV contour rises above that isentrope f e L 17 Jan 2006 example) ] The 390 K maps for 15 Nov 2006 (heavy black line in polar rg-
Section 3 examples show secondary one) ’ 1 - 1S f im | Is defined as the level below which the windspeed shifts fremd show the wind patterns transitioning to a more zonal stmect
) ey - / H. creasing to increasing with decreasing height representative of the PNJ with increasing altitude (cattvaith
s PR R | o | T e o < I 0 Black and blue dots show core and edges; when PNJ crosses lo40 K map shown in 17 Jan 2006 example)
. e | | gitude twice, green and cyan dots show second crossing e zloo|61|115| e erotorson 2o seasee I
£ e [0 Locations (latitude, altitude, pressure) and values ofaglyical " ‘., N M N 2
E & s — variables (U, V, T, PV, dT/dz, relative vorticity) at UTJ eoand %3 - ¥
! i = | edge Iocat!ons are cataloged | | i o @ A
= Teel -3 S [1 As are distances from the primary WMO and dynamigal ¢ ¢ [ “ / W’/’ | 3
Sy el ¢ = e tropopause locations (see Section 2) Rk ] 7\ | i S / [
et 30””3;_9&5 [ The examples shown here are at longitudes correspondif@td t b, .\ el 0. 1 \/ e e ,
oo ser167. b e for Geolocatonhm o | | of a single MLS profile (the red line on the maps, with “MLS” at 2ok PR, v
[J Upper tropospheric jet (UTJ) cores are defined on “slicesa at the latitude of the MLS measurement)
00 As well as depending on the tropopause definition, tropopaakulations can ggt?/\?eleor? %lct)léd:nzyl\(/)v(l)nrc]lggeed maxima over 40 m/s in the redioN 6 gistances of MLS and ACE-FTS measurements from PNJ and .. -
also depend strongly on the exact location and on the vegiithused; we are . . . . STJ locations will be cataloged for future use in relating $1L TNy &
therefore conducting extensive sensivity tests to exanhiese dependenciesf| " Vgrt(;cal andd horizontal edges of UTJ regions are defined by&0  fields to jet characteristics oS & |
windspee ey
T, £
[ ACE-FTS data are being used to test sensitivity to exactimeand vertical | - Red dots show edge and red letters core locations (INCK®REM- | [} Both examples show a complex pattern of UTJs, with large - 5 - A
grid — the figure above shows an extreme case for an occultatnere the ber with decreasing strength) tropopause Changes across the “subtropical jet” (typld:h& MOost b - o\ In
tangent-point latitude and longitude change substaytrath altitude [ The Iower levels of the po_lar night jet (PNJ) core and edges| ar equatorward strong jet) : = e | |,
0 Lines show the WMO, 2.0, 3.5, and 4.5 PVU tropopauses (biaokses, characterized at each longitude at each level by the mosivaotl | 0 The 17 Jan 2006 340 K map shows the pattern of this complex
blue/stars, cyan/diamonds, green/triangles) calculatede latitudes (ma- westerly jet maximum with windspeed over 30 m/s, and the-lgca structure near the altitude of typical UTJ maxima
genta) and longitudes (red) of the ACE data at each altitetisden 3.5 and tion where the windspeed drops below 30 m/s

36.5 km on its 1-km grid; solitary symbols show the tropoacalculated
from the “profile” after interpolation to the ACE 3-dimensial locations
(on the 1-km grid)

3 MLS Measurements In Relation to Jets and Tropopauses

] , ] The machinery for characterizing the UTJs and PNJ does not deSantee et al [paper in preparation] show that on 15 Nov 2006 th  at highest latitudes at tropopause level is tropospherstrato-
] pend on the “slice” being along a longitude. In addition tangss PNJ and UTJ in the SH merged in averages around equivalent lat spheric in origin [Santee, et al, in preparation, show avoedeof
sono]_ ] \ Jﬂw this In the future to facilitate more 3-dimensional chagaiation, itude contours. ascent in the polar regions at/before this time]
B | ] ; we show here examples where the slices are individual ML& 0rb i The 370 K maps here show the dynamical tropopause (red) and
= I ! H& tracks; the track fqr the cross-section is shown on the 37@dhe lowermost vortex edge (grey) following either side of thest i
== ] - N maps accompanying them. jet, which transitions to a more zonal PNJ at and above 390 K
Com o oa e ee s s R T R O LS Deseedng ks ST o o - (Section 1 map); the MLS track runs inside the lowermost vor- - 12
o - s i tex near its edge at its highest latitudes
L Most cases show much less sensitivity: ‘giin—— 0 The tropopause drops from near 100 hPa equatorward of the .
[1 Above left plots show histograms of the maximum differentropopauses o w0 2 broad UTJ region to below 250 hPa poleward of it, with MLS : A | :
calculated at each of the 34 levels in an occultation, fott afever 12,000 .. ozone showing strong vertical gradients across the tropsm SR e e e e R e
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ACE occultations; most differences are less then 0.3 knrlyaklless than -
0.8 km

20061115, MLS Ozone vs Distance From STJet Core

not only outside the vortex, but inside/beneath it as well

160 S

[0 In the NH, the PNJ is beginning to form and is apparent at this 3
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[ Above right plot is histogram of the difference Iin the "bestdpopause x ey " el longitude, with higher ozone along its inside edge as exuect
from the 34-level calculations (the average of the two vat@ositions bbb bl b Saw i Uiem mis mm s s from descent
for altitudes closest to the average over the 34 levels) hadropopause VIO Tropopause(s 4.5PVUISB0K Dynaical Tropopause(s) [ In the large region 20 to 50N) with a double WMO (an

calculated after interpolation to the 3D positions for tleewtation; most

: _ dynamical over part of the region) tropopause (dashed bjack | W | v | i
d!fferences are less than 0.2 km, and the symmetry suggegtensistent — I line in cross-section; thick white line on map shows where pr N B I R R N R
bias mary tropopause crosses 370 K), MLS ozone again shows a
DYN comparison v. Latitude ~— N . ] . .
=3 B e = local minimum between the tropopauses [ The above figures show all the MLS ozone data on 17 J@nt
SHE = S :3002 20060117, MLS Descending Track 7, 4.33-5.15 UT, 50.20 —-13161E uary 2006 and 15 November 2006, mapped with a vertical cabr:
: = = M @ o ] dinate of distance from the 4.5 PVU tropopause, and a ha@ko
8 o - ! N . coordinate of latitudinal distance from the primary (sgest) UTJ
El e TE o - . 0 Black overlays are windspeeds (by 10 m/s) binned and averaf€
s E = in same way as MLS ozone
— 7 E— - 1, al T [0 As was apparent in the cross-sections relative to the trapsg
WP velue T cy U The MLS track shown on_17 Jan 2006 CUtS through the UT rldge LY Y 1= the ozone value at tropopause level is nearly constant
- _OW difference (GLW-OMF) v Lotiwde that forced the 2006 major stratospheric sudden warmirm,[e. b 3 a0 . .
= . F ) E : *\ ) T hd § [1 Again, the strong ozone gradients above the tropopause egug
- . f ' E Coy et al, submitted to JAS] * o {
— 4+ i < +++$ + T T y ] 6lH”HHMHMHXHHXHHlHI ‘A\M I/ N H/PP?/hHIFII%IHMMHHIIH 0 : : : .
2; - » B E . . . . . -81.63 -71.61 -57.55 -42.94 -28.18 1336 1.48 16.33 31.14 45.88 60.43 74.23 tOrward Of the UT\], and p0|eward Of It In the NH Wlnter a.
£ O: - [I The Strong UT\] IS Shlfted tO hlgh |at|tUde (See 340 K Wlnd_ WMO Tropopause(s) -- Solid Latitude /°N 4.5PVU/380K Dynamical Tropopause(s) -- Dashed hlghllghted’ Wlth Weak gradlents |n the SH |n both Summer a d
E 72;— j% ++TF o+ +i i% ; 1% + +++i # i i++ 4 et i Speeds 18] SeCt|On 1)’ d”'eCtIy under the equatorwa_rd edg ) 20061115, MLS Descending Track 7, 4.60--5.41 UT, 47.05 - -134. 76E | .I'.'a”
o - iad i 3 + + T o Tt e .. . . . . . 12 gy T | B ‘ A T \
- S ﬁ% e - the PNJ that is increasingly shifted off the pole with incieg TNeracunk : \ _ _ _
: W ¥ e E altitude (easterly jet near pole at highest levels showe)her U, | U Inthe UTLS, where the equivalent latitude/potential terapere
) = [ The tropopause rises abruptly over the strong, narrow UAd, - coordinates commonly used to characterize different aisses
59 drops sharply poleward of it; MLS ozone echoes these chal | - bhecome less usetul, V|ew!gg the data with respect tql the Emds
1 Equatorward of the UTJ, there is a double WMO tropopa X : t edtrrc])popaudse can |Ic_)rOV| Ie a w?yhtoba\;]era_ge Sflml ar air reagsHg
[0 Comparisons with the tropopauses in the current derive@onelogical prod- and a local minimum in MLS ozone at levels in between the T A and thus produce a climatology of the behavior of ozone anerot
ucts [DMPs; Manney, et al, 2007, JGR] show good agreemergges in consistent with behavior previously reported in regiored(, o ! trace gases in similar air masses.
above plot for MLS for the January 2006 3.5 PVU dynamical oqpguse aircraft) observations 6mmmwmm\m i T2 IV % 1R 0 20060117, HIRDLS estending Tiack . 595,35 UT, 42663 14337
. . . . . . . . . . -81.65 -71.62 -57.55 -42.95 -28. 18 -13.36 _ 1.480 16.33 31.14 45.88 60.43 74.24 SO
(Sllght IOW bIaS Of Orlglnal DMPS1 Cyan1 IS from dlﬁerentlcalatlon Of al- |:| The Weak UT\] In the SH IS aISO accompanled by tropopause WMO Tropopause(s) -- Solid Latitude /N 4.5PVU/380K Dynamical Tropopause(s) -- Dashed 2640
titude from pressure), with significant differences condine regions of high changes that are reflected in the MLS ozone

sensitivity near UT jets and in SH polar regions [1 The above figures show the same MLS orbit track ozone cross-

20061115, MLS Ascendmg Track 22, 16.96--17.78 UT, 41.62 -- -140.15 E 600

/ ppbv

. sections on 17 January 2006 and 15 November 2006, but|{now 3
R & I the vertical coordinate is the distance (km) from the 4.5 PNVU  ° oAt laane i - 1 7F y / ﬁ«
4 Continuing Work/Plans . W‘ “—' w ' g fropopause ’,r &N
£ S "\é o e A =" ¢ ] Grey and magenta overlays show windspeeds (30 m/s magenta) xxxx 11mmemw 18
[l The jet characterization and multiple tropopause calmratfrom GEOS- Ay % W e ) —;i3°°§ at 10 m/s intervals; thin white lines show pressure levéigkt W ()fgsjjjd R 284‘_‘:PVU/3;§K1;WM§§jfopopa;‘;:j__Dashed
5 and other meteorological analyses are being used to caeaigatology &\ VLl ) A VICA e, o o 100 white line 380 K potential temperature contour
exploring the relationship/interactions between the UTds PNJ and the o OO LT \/IO\"“M"”"N" iy | W 7 Similar plots with WMO tropopause as a coordinate (nét We are starting the same kind of analysis using HIRDLS dafa
tropopause; comparisons between different analyses eliil &ssess the ro el b b YA DS b oLl S D Ve 0 153 B shown) have large discontinuities near the UTJs, since|theas shown in the orbit section above of HIRDLS ozone wifh
bustness of these definitions e T e tropopause defined that way shows large, sudden changes|thetropopause vertical coordinate
[1 The locations of satellite observations with respect to $Jdidd PNJs will be | | [l This view highlights differing ozone gradients above the Note clear region of low ozone between double WME

calculated and cataloged for the complete ACE, Aura MLS aliRIHLS mis-

sions (and eventually other datasets such as POAM, SAGE ,(H#ALalong
with detailed tropopause information and other produdespolated to or cal-
culated at the MLS and ACE locations

[1 This information will be used in detailed studies of the tielaship of satellite
observations to the tropopause, UTJ and PNJ structure arhakiew

tropopause In different regions: Strongest gradients atbe tropopauses; HIRDLS vertical resolution will be valuallidogtter
tropics and subtropics, only slightly weaker in the NH wmte defining such features

and considerably weaker in summer polar regions (espgdiall \1ore detailed studies of HIRDLS UTLS ozone are given

SH) _ talks/posters by B.Nardi, J.Gille, M.Olsen
The SH polar regions on 15 November 2006 show remnants of

processed air filling the region between the residual PNJ |aad>/Mmilar tools have been developed and are being tested éoach
] When completed, we plan to make these products public ttitéaei UTLS the strong UTJ; while some low ozone below the level of the teizing ACE-FTS data with respect to the UTJ and PNJ loaaic

studies and to extend the currently available “Derived Mei®gical Prod- PNJ appears to originate _from this stratospheric soureeim-
ucts” [Manney et al, JGR, 2007, 112, D24S50, doi:10.1028720008709] possible to tell from this single snapshot whether the loangz
(primarily intended for stratospheric data analyses) tarabterization of the
UTLS
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